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anently,‘in connection with an ougoing medical study of certain
Yorshall lslanders prompted by the Bikini incident (1), we have had the
apportuaity to cxamine a scvies of blood samples from these Islanders
tor the vcearrence of bolth polymorphisms and rare variants of secum
proteins nn& erythrocyte enzyﬁes. The results, when tvcated in the
usual fashion and combined with the f{ndihgs of others oun Micronesians,

there may be

suggest/3 lower {requency of rare variants in this group than in such
sroups as Japanese, Caucasians, or South American Indians. There are
scme hothersome problems in comparisons across groups sawmpled in different

ways, however, which make the usual statistical contrasts imposé{ble; some

of thesa problems ave aired.
THE POPULATTION

The study population is composed of persons now residing on Ebeye,
Rongelap, and Majuro Islands, for the most part related to one another as
members of nuclear families, The number of independent genomes in the
sample Ls thus considerably less than the number of persons. Appfoximately
half of the children in the sample were born to parents inadvertently
radiated as a result of fall-out from a nuclear explosion at the time of
the Bilkini test, in 1Y54. However, as will be apparent under RESULTS,
the question of a radiation effect will not arise in any substantial

mianer.



METHODS

ALl samples weve collected in 12 ml vacutaluners (Becton-Dicliinson)

with an ACD anticoagulant. The samples were shipped by air, on ice, from
T Fvuajalein Etull, Marshall Islands to llonolulu, Hawali for trans-

sttipment 10 Ana Arbor. Washed red Llood cells and plasma were storved
at -70° ¢ prior to typing.

The conditions for electrophoresis and typing of systems 1, 2, 8, 9,
10, 12? 13, 15, 16, 18 and 20-24 in Table 1 were carried out as described
previously (2) . DBlectrophoresis of systems 14 and 19 and staining of
I ecmployed the method of Spencer, Hopkinson and Harris (3), and statning

© for system lé emploved the positive staining method as reported by Peters,

Hopkinson and Harris (4). System 3 was dete;mined by the metnod of
Charlesworcth (5), system 4 by the method of Tashian o, éystem 5 by
the wethod of Clhen, Aunderson and Giblett (7), system 6 by the method of
Weitkamp (8) , system 11 by the method of Edwards, Hopkinson and Harris
(9), and cystem 20 also by the methods of Weltkamp et al (10) and Tanis

et al (11).
FINDINGS
1. The polymorphisms.--Genetlic polymorphisms were observed in six
of the systems: haptoglobin, phosphoglucomutase-1, adenosine deaminase,

acid phosphatage, 6-phosphoglucose dehydrogenase, and group specific

comporient. Phenotype and allele frequencies are given in Table 2.
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Varsying nuabers of determinations for the systems listled iu Tables 1 and
2 ave dve to a considerable time lapse between collection of the samples
and their receipt tu Lhe laboratory. As a consequence, elther no
patrern or 2n unclear pattern (even after repetition) was occasionally
obtainead fér a given trait. Three persons had the PGM1~7 phenotype.
Loecause of the occurrence of this variant in polymorphic proportions
clsevhece in Mlcronesia (see below) , we tabulate it with the polymorphisms.
These three individuals were related as siblings, one of whose parents
vas tested and normal, the other untested.
2. Rare v;riants.—~0ne rare variant was observed in a‘total of
. %4,047 delevminations. This was 4 fast albumin variant detected by only
one of tlie three screening systems ‘in use for albumins, namely, the pH
5.0 sodium acetate buffer system of Weitkamp et al (10). The variant

is illustrated in Fiv

&

1. 1Its electrophoretic behavior appears simllac
to that of albumin MHeddn as reported by Weitkamp et al (10). 1t
ocenrred in a girl, agad 5, whose mother was normal (and not exposed

to fall-out) and father not available for study. Thé fact that the
variant has been demonatrated in only a single person with only one

technique leaves its identification somewhat unsatisfactory, but the

situation cannot be improved upon at preseat.
DISCUSSION
L. The polymovrphisms.--Gene frequencies for the 6 polymorphisms

encountered all fell within the rather consifderable range reported in

other studies of Micronesians (12, 13, 14, 15, 16, 17, 18, 19).
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2. The rare varfanls.--In Table 2 we have summarized not anly our

con findings but ulso the results of all the other studies of rare
viciants of 24 systems in Micronesians which we have been able to locate
{1 the Titerature. Any effort to treat "rare" wvariants juvolves some
avbitrary decisions; no approach is apt to flnd uni&ersal acceptance

2t this time. We exclude from this summary any variant which for the
Lotality of Lhe representatives of the population studled to date, occurs
in more than 2.07 of the group kone of tﬁc conventional deflnitions of

a polymorphism). By this definition of rare variant, we exclude from

the tabulation the polymorplilsms involving types 3 and 7 of éhe PGMl
system repovted by Blake et al (12) in the Western Caroline Islands,

and the polyworphism for the type 2 of phosphoglycerate kinase reported

b, these same authors. This same convention will require us to eliminate
{f1om the sumpary of rare variantyg in Amerindians (see below) the Yanomama-2
variant of albumin, a variant thus far encountered in a single tribe,

but there with a gene frequency of 0.08. 1In sampling populations where
ruther close biologlcal relatlonships between individuals can scarcely

be avoided, it is well to remember that even in gamples of 1000, a variant
limited tu mewbers of a single extended kindred may assume the proportions
of a polyworphism as here defined. 1In the case of the variants excluded
{rom the Micronesia count, a variant with the electrophovetic mobility

of type 7 PGM, has beaon encountered at several localities in the Far East,

1
and it seems likely this is a "widespread" polymorphism. However, the
same cannol be said for the variant with the mobility of PGM1—3 or

the variant with the mobility of PGK-2. They may be "private' poly-

morphismg., T[ further studles in Micronesia rcvealed these. alleles
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to have so restricted a distribution that their freguency in the
catice sawple dropped below 2 percent, then they would of couvse
enter the list of rare variaunls.

The figul co;umn ol Table 2 presents the frequency per 1000 of
varjauts for cach system, and the unweichted average of all the systems.
An uwaveighted averase is cmployed to prevent an extensive study of a
single system [vom dominating the picﬁure. By thils approach, the average
trecuency with which variants are encountered in the systems under
consideration, on the basis of 16,724 determinatlons, is 0.%/1000 ob-
servationy.

‘Some of the Hicronesian Tslands have had extensive contact with
othesr athnic groups, and there has in addition been active exchange
avony the various islands (22,23). The possibility wust always be borne
in iwind that a rare Qariant may have been introduced from the outside,
as puinted out by Blake et al (12) in connection with the LDH variant
Lhey encountered on Faraulep Atoll, which {g similar to the Calcutta-1
variant widespread inIndia. We note in this connection that the CA I
variant ol Tashian et al (20) encountered in the Chamorros of Guam and
Saipan Is clectrophoretically similar to a variant encountered in
£itipinos (24) , Indonesians (25), and Japanese (26); Guam and Saipan
have well-documented historical contacts with these arcas. On the other
hand, we restate the well-recognized caveat that electrophoretic identlity
ol two variants 1s not synonymous with biochemical identity.

Therc is rapldly accunulating an extensive literature on the frequency

ol rare vaviants In a variety of populations. We mentijioned earlier the




probleas in comparciuy populations sampled differencly. Tu addition,
the compirison of varignt frequencies from different labovatorics, and
especially average freguencices when the mix of systlens studicd way
vary wvidely, is to be approached with caution, For the purposes ol this
‘crelluinavy  comparison, we will content ourselves with reference to
two series which originate in this Jaboratory and involve essentially
the same proteins and techniques as the original material herein reported,
plus a third composite series for Caucasians. We will again use an
unwelighted average, based on as many of the systems listed in Table 2
as are covercd in the refercaces cited. By this convention,-the variant
lrequency for South American Indians, based on gystems 1, 2, 8-10,
11-16, 18 aund 20-24 of Table 2, is 1.7/1000 (2, and unpublished). The
lower f{requency than in our last buﬁlication on this subject (2) 1is
duc to bthe exclusion of the Yanomama-2 albumin variant from this calcula-
Lion becausce its frequency in the total sample now exceeds 2 percent (11).
The frequency in West European Caucasians, based on systems 1, 2, 8-16,
18-24 and the data of Fleischer and Mohr (27); Moullec et al (28); Sick
et al (22),; bBajatzadeh and Walter (30); Fine (31); Rex-Kiss and Fesus (32);
and Harris, Hopkinson, and Rubson (33) 1s 2.7/1000, and for Japanese
adults, based on systems 1, 2, 4, 8-10, 12, 13, 15, 16, 18, and 20-24,
1.9/1000 (34).

As noted, there are obvious difficulties in statistical comparisuns
between these serles. Our own Microunesian data, and we suspect to some
extent that of others, containg closely related individuals, asg does

our data on Amerindians. By contrast, the data on Caucasiaus and Japanese
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presunably containg vecy {ew biologically related persons. Ulsewheve
G bave arsued that St is appropriate to compare the average nusber of
variauls per system per thousand determinations in populations ascortainesd
in rb-ce diffevent fashions, but not the number of different variants
(2), and we maintain that posiLion here. The logic is that a rather
considerable shuffling of tribal populations, such as occurred in the
detribalization of the ancestors of modern Japanese or Europaans, should
not alter the total number of variants present. However, conveational

|
statistical contrasts of lotal frequencies in these various ‘populations
seem inappropriate. In particular, estimates of frequencies from studies
of populations such as Micronesians or Amerindians are quite susceptible
to a "jackpot!" cffect--nne igland with a high frequency variant could
narkedly alter the picture. lowever, some 27 islands have been sampled
to dake, comprising a rather representative group.

Talen at face value, there s a 3-fold range among ethnic groups in
the frequency of rave variaunts as definad, these varlants occurring in
tiicronesians with approximately half the frequency in which they have
boen encountered in scveral other ctﬂnic groups. However, this apparent
difference ltlnges, in part, on the definition of rare variant, which
in turn je intimately vclated to the size and nature of the sample,

Thus, 1f as the study of Micronesians is extended it becomes clear that
the PCMl—B—]Lke var iant encountered in 49 persons (12) and the PGK-2-like
variant cncountered in 39 persons (12) are sharply localized and no or
few additional examples of the variant are encountered, then either or
both of (hese wmight drop below the arbitrary 2 percent frequency level

and have to be classed as rare variantg, with a marked Impact on the average

20094
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frequency of such variants. This pogsibllity brings out clearly the

sensntivity to the vagavies of the sampling process of any approach which
‘ -

deltuermiczs Lhe (requeucy of rare variants from a semi-exhiustive sampling

of disceote demes in o wminimally disturbed populaction. Othervise stated,

the estimate must have a large variance.

The properties of ihe samples of Micronesiang and Amerindians might
be roudered more comparable to those of Caucasians and Japanase by
eliminating Fhe old and the young from the former two samples, but the
basic isaue would still remain: the individuals in the former two
samples will be move related than those in the latter two. The most
practical way to meat Fhis issue seems an extension of the sample,
thus reducing the tmpaclt of any one "jackpot!”., In addition, it is
suggestad thal the definitive treatment of comparative variant
frequenciss which a larger sample will permit must cousider a varlety
of definitions of rars variant and/or analyze the total heterozygosil,
of the populution.

The przoblem is not a trivial one. The frequency of such variants
in natural populations is malntained by a complex balance between
selention, mutation, and population structure. Basic parameters though
Lthey be, both the manner of actlon of selection and the rate and types
of mutation in higher organisms remaln poorly understood. Both selection
and mutation may be studied directly, i.e., thru surveys followed by
detailed family studies ol each variant, or indirectly, i.e., through
the maniﬁulatlon of population parameters (35,36). The fermer approdch
is much rmore laborious than the latter, and it is tempting to pursue

the easicr course, but the latter approach ig only as sound as the

cstimates plav E}%nt‘ equency (which should be based on as total a
50049% 3
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porulation atwly as possible) and an wnderstauding of the structure
ol the populations oa which the estinates are to be hased. This is,
of councan, true for plunt and animal as well as huwran populations. [n
tue present ipstance, we arve of couvse intrigued by the possibility
titat (he min of these factors differs in Micronesians from the other

!
aroups cited, c.g., lowerv muitation rates or greater stochastic loss of
n-u rmtanis in the Ilicronesians. Before these possibilities can be
profitably pursued by the indirect Approach, sample size must be
adequate. There is clearly some minimal sample necessary to a trust-
worlhy estimate ol Lhe frequency of rare variants in populatlons like
Micronesians ond Aderiadians, and most investigators would probably
apree that the Micronesians do not yet approach that wminimum. Un-
foriunaLlely, our lnowledge of the clustering of specific rare variants

in velatively undisiurhed populations is still so scanty that further

erpeviencn is necessdary prlor to setiing that reasconable minimum.
SUMMARY

Blood specimens from a sample of 187 Marshall lslanders were
stredied with reference to variants of 22 serum proteins and erythro-
cyte enzymes. Six of the traifts studied exhibited genetic poly-
morphisms (adenogine dedminase, phnsphoglucomutasel, acid phospha-
tase, 6-phosphogluconate dehydrogenase, haptoglobin, group specific
c0mponenp). There was in addition one "rare' variant (of albumin)
in 4,047 determinations. These results on rare varlants have been
combined uith those of others on ticronesiansg and the frequency of

rare variants in Mlcronesiany compared with the frequencics in West
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Faropeau Caucasians, Jupenzse, aad Awnervindians., There are maay
ditiicuttios in siuch coaparisons, and although the obscrved valnes
far }ha four ethuic groups differ by a factor of three, the
Mlcronesians exbhibiting the lowest frequency, it is felt that no
cenclusions coucerning differences betweén ethmic groups can be

Jrawie atl this bine.
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Table 2. CGoena Frequencies for Six Cemetic Polymorphisms in the Marshall

Tslands. ‘
System . . Phenotype Total Gene Frequeancy
1 2.1 2

Adenog tne diamluase 167 18 0 185 ADA1 = 0.951
Group specific component 116 50 2 - 168 Cc1 = 0.839
laptoglobia) 56 93 - 32 177 " upt = 0.579
Phosphoglucomulasei 156 26 1 184 PGM; = 0.912

c 1w A AB B A
Acid Thosphatase o1 73 11 185 AP = 0.743
6-vhosplhinsluconate A

dehydrogenase 164 21 0 185 6-PGD = 0.943

L. The Hpo type uas observed in 4 individuals,

Two ocxamples of the PGM phenotype 2-7 and a single phenotype 1-7

7

| = 0.008).

were obsarved (PGM



Figuece 1, Albumin varviant starch gel patterns using the tollowing buffer
systems: A, sodium acetate, pl 5,0; B, tris-EDTA-borate, pl
6.9. Albuanin samples shown are normal serum 1, 5, 7, 8 and 1l1;

N

fakicirare-2, 2; Marshall Island variant 3, 9; Makirvitave-J, 4;
Wapishanda-1, 6, 12; Naskapi, 10. Normal samples include refer-
ence serum from our own 1ab6ratory and serum from normal Marshall
Island samples, All variants, except the presently reported

Marshall [sland variant, have beea previously compared by Tanis

et al, (2).
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